OBJECTIVE: To investigate the associations of indices of adiposity with cardiovascular risk factors. SUBJECTS: 93 men and 98 women aged 18±69 y. OUTCOME MEASURES: Body mass index (BMI), waist to hip ratio (WHR), waist circumference, waist to height ratio, blood pressure, fasting concentrations of blood glucose, insulin, plasma lipids and lipoprotein subfractions, apoproteins, lipoprotein(a) and post-heparin lipases. RESULTS: BMI and waist showed similar associations (P`0.01) with a cluster of major cardiovascular risk factors including total cholesterol, low density lipoprotein-cholesterol and very low density lipoprotein-cholesterol in men, and ratio of low density lipoprotein-ahigh density lipoprotein-cholesterol for both genders. Large waist circumference was signi®cantly (P`0.01) associated (controlled for age and smoking) with features of the metabolic syndrome, including raised insulin concentration (men: r 0.37, women: r 0.49), reduced high density lipoprotein 2 (men: r À0.30, women: r À0.34), increased very low density lipoprotein 1 mass (men: r 0.31, women: r 0.42), raised small, dense low density lipoprotein (men: r 0.30, women: r 0.31), elevated blood pressure (men: r 0.27, women: r 0.28), increased triglyceride (men: r 0.43, women: r 0.48) and apolipoprotein-B (men: r 0.32, women: r 0.35). Waist circumference also correlated with hepatic lipasealipoprotein lipase ratio in women (r 0.52). Height adjustment did not substantially change relationships between waist circumference and risk factors. WHR correlated with fewer risk factors. CONCLUSION: For the purpose of health promotion to prevent cardiovascular disease associated with overweight and intra-abdominal fat accumulation, the general public should be advised to be aware of the risk associated with large waist circumference.
Introduction
High blood pressure, insulin resistance and elevated plasma lipids are major risk factors of cardiovascular disease. 1 These risk factors have been shown to associate with intra-abdominal fat accumulation as measured by computerised tomography. 2±3 It is now well established that waist circumference correlates at least as well as indices of body fatness (body mass index (BMI)) and fat distribution (waist to hip ratio (WHR)) with intra-abdominal fat 2±5 and with cardiovascular risk factors, 3±7 and that changes in waist circumference predict changes in intra-abdominal fat 7 and changes in cardiovascular risk factors. 8 The atherogenic lipoprotein phenotype, characterised by the predominance of small, dense low density lipoprotein (LDL) (low density lipoprotein-III), a moderately elevated plasma triglyceride and a low high density lipoprotein (HDL) cholesterol (particularly high density lipoprotein 2 subfraction), has been shown to associate with a three-fold increase in coronary heart disease risk. 9 A high plasma concentration (b 100 mg lipoproteinadl) of small, dense LDL is associated with a seven-fold increased risk of myocardial infarction. 10, 11 More recently, prospective studies have shown that small, dense LDL was associated with incidence of coronary artery disease 12, 13 and non-insulin dependent diabetes mellitus. 14 Recent investigations into the basis of cardiovascular risk have increasingly focused on the associations between lipids and lipoprotein subfractions and indices of relative adiposity including BMI and WHR. 15±18 Studies of the associations between waist circumference, a simple surrogate of both intraabdominal and total body fat, 2±4 with lipoprotein subfractions, have been less ®rmly established. 16, 17 The present study investigated the associations of indices of adiposity including waist circumference (with and without height adjustment), BMI and WHR with plasma lipids and atherogenic lipoprotein subfractions in both men and women.
Methods

Subjects
Healthy subjects without any history of coronary heart disease, diabetes mellitus or dyslipidaemia, were recruited by local advertisements for volunteers. None of the subjects were on any medication known to interfere with lipid metabolism or lipoprotein determination. In particular, none of the women were on oral contraceptive or hormone replacement therapy. Serum urea and electrolytes were measured to exclude those with renal impairment, and thyroid function tests were performed to exclude those with thyroid disease. The present study was approved by the Research Ethics Committee of Glasgow Royal In®rm-ary, and each subject gave written informed consent. No inducement was given.
Experimental design
Blood samples were obtained from volunteers after a 12 h overnight fast. Fifty millilitres of blood was collected by venepuncture with potassium EDTA (®nal concentration 1 mgaml) as anticoagulant. Plasma was harvested at 4 C by low speed centrifugation and aliquots of plasma for lipid and lipoprotein measurements and low density lipoprotein subfractionation were used immediately. Those for insulin assay were snap frozen at À70 C and analysed in batches at a later time. Measurement of fasting post-heparin plasma lipases were made 10 min after administration of 70 U heparinakg body weight intravenously, and 10 ml blood was collected into lithium-heparin tubes on ice. Plasma obtained from these samples was frozen immediately for storage at À70 C prior to analysis.
Anthropometric and blood pressure measurements
All measurements were made by trained observers using standard techniques. 19 Body weight was measured using digital scales (Seca, Germany) to within 100 g with the subjects wearing in light clothes, height was measured using a ®xed stadiometer to within 0.5 cm with the subjects barefoot. Circumferences were measured to within 1 mm using¯exible tape with the subjects in standing position. Waist circumference was measured mid-way between the lowest rib margin and the iliac crest at the end of gentle expiration, and hip circumference at the widest level of the greater trochanters. Sitting systolic (Korotkoff phase I) and diastolic (Korotkoff phase V) blood pressure, after 15 min rest, were determined using a mercury sphygmomanometer in duplicate, and the mean values were used for analysis. 21 LDL subfractions were isolated from fresh plasma by nonequilibrium density gradient ultracentrifugation. 10 Post-heparin lipoprotein lipase and hepatic lipase were assayed in post-heparin plasma as previously described by Tan et al. 22 Lp(a) was measured by an enzyme immunoassay (Innogenetics NV, Belgium).
Insulin assay
Plasma insulin was measured by an immunoturbidimetric assay with two antibodies. The assay had a working range of 0.5±50 mIUaL with an intra-assay coef®cient of variation of`10% and an interassay variation of 8±14%. The assay showed signi®cant (60%) cross-reaction with human intact pro-insulin.
Statistical analysis
Men and women were analysed separately. Partial correlations were performed to determine the associations between atherogenic lipoprotein subfractions and indices of adiposity, controlled for age and smoking. Scatter plots were made to assess linearity, and natural logarithmic transformations were made for dependent variables (lipid and lipoprotein subfractions) that showed exponential relationships with independent variables (anthropometric variables). Because of interdependence between dependent variables, statistical signi®cance was set at a 99% level (P`0.01). Data analysis was performed using SPSS statistical package (version 6.1, Chicago).
Results
Data were available for 93 men and 98 women and their physiological and biochemical characteristics are shown in Table 1a . Means and distributions of anthropometric measures were similar to those seen in representative samples of the general UK population. 23 Table 1b shows the subjects' mean values of lipoprotein subfractions, apoproteins and post-heparin lipases. Table 2 shows that small, dense LDL (LDL-III) correlated signi®cantly (P`0.01) with features of the metabolic syndrome in both genders, particularly triglyceride, apolipoprotein-B, VLDL 1 mass, HDL cholesterol (negative correlation) and high density lipoprotein 2 (negative correlation), BMI (not signi®-cant in men) and waist circumference. Small, dense low density lipoprotein correlated signi®cantly with insulin and hepatic lipase only in women. 
Men (n 93)
Women (n 98)
n M e a n s . d . r a n g e n M e a n s . d . r a n g e Table 3 shows that in both men and women, BMI and waist circumference correlated (P`0.01) similarly to the`conventional' risk factors of cardiovascular disease, including insulin, HDL cholesterol (negative correlation), ratio of LDLaHDL cholesterol, and triglyceride ( Figure 1 ). In men, BMI and waist circumference also correlated signi®cantly with total cholesterol, LDL cholesterol and VLDL cholesterol. In both genders WHR did not correlate signi®cantly with the majority of risk factors.
Again in both genders, similar associations were found for BMI and waist circumference with lipoprotein subfractions (Table 4 ). There were negative associations of BMI and waist circumference with HDL 2 subfraction (not signi®cant for BMI) (Table 4 and Figure 2) , and positive correlations with LDL mass (not signi®cant in women), and with small, dense LDL (not signi®cant for BMI in men). Furthermore, despite a wide variation in small, dense LDL at higher waist circumferences, there appeared to be an abrupt rise in the concentration of this particle in those with a waist exceeding 85 cm (Figure 3) . The proportions of those with a raised small, dense LDL concentration of b 100 mg, lipoproteinadl plasma 10 in different categories of waist circumference based at the 85 cm cut-off, were determined. Amongst subjects with a waist circumference`85 cm, there were 5.3% men and 1.3% women with small, dense LDL above 100 mgadl. Amongst those with a waist b 85 cm, these ®gures rose to 42.2% and 25.0% in men and women, respectively (differences between proportions of subjects with small, dense LDL above 100 mgadl in different categories of waist: w 2 14.9, P`0.001 in men and w 2 14.4, P`0.001 in women). Table 4 shows that WHR only correlated signi®-cantly with HDL 2 . In women, all indices of adiposity correlated signi®cantly with VLDL 1 mass and its lipid and protein components (data not shown). In men, waist circumference was the only index to correlate signi®cantly with all these components. There were poor correlations between all indices of adiposity with VLDL 2 mass and its lipid and protein components, except for VLDL 2 -triglyceride in women (data not shown). Table 5 shows signi®cant associations of BMI, WHR (not in men) and waist circumference with apolipoprotein-B. BMI and WHR signi®cantly correlated with lipoprotein(a) in men, and all indices of adiposity were signi®cantly associated with the ratio of hepatic lipasealipoprotein lipase in women.
Height adjustment (waist to height ratio) did not substantially change the relationships between waist circumference and risk factors. Logarithmic transformation, made where the exponential relationship was suspected from scatter plots, showed a slight increase (within 0.06 unit) in the correlations of indices of adiposity with small, dense LDL and VLDL 1 mass in men, and with lipoprotein lipase in women (results not presented).
Discussion
We have presented a comprehensive analytical pro®le of cardiovascular risk factors including the subfractions of HDL, LDL and VLDL, and related them to the most common indices of adiposity currently in use. To our knowledge, the present study is the largest to date relating LDL subfractions and post-heparin triglyceride lipases to different anthropometric variables in normolipaemic individuals. Signi®cant (P`0.01) associations of high BMI and large waist circumference with a cluster of risk factors were found.
Recent studies have focused on lipid subfractions since some are highly indicative of metabolic complications. 1, 9, 11, 24 Small, dense LDL in particular, is thought to be a major risk factor of cardiovascular disease. 24, 25 A previous study has shown a seven-fold increase in myocardial infarction in those with small, dense LDL concentration b 100 mgadl plasma compared to those with a concentration`100 mgadl. 10 In the present study, the proportions of those with small, dense LDL b 100 mgadl were eight times higher in men (w 2 14.9, P`0.001) and 19 times higher in women (w 2 14.4, P`0.001) whose waists were b 85 cm compared to those whose waists were below this level (Figure 3 ). Data for women should be interpreted with caution, because relatively few women had waists above this cut-off. The present study supports previous studies, showing the associations between the risk from intra-abdominal fat accumulation, as re¯ected by large waist circumference, and cardiovascular risk factors. 3, 6, 26 Remarkable relationships between waist circumference and the features of the metabolic syndrome X as described by Reaven and colleagues 1, 24 were observed in both genders. Large waist circumference was associated with increased insulin concentration with suppression of glucose ± that is, insulin resistance (Table  3) , increased triglyceride and VLDL 1 mass, reduced HDL cholesterol and HDL 2 , raised small, dense LDL (LDL-III), increased apolipoprotein-B and elevated blood pressure (Table 3 and Table 4 ). The associations of risk factors with BMI, were similar to those observed with waist circumference. On the other hand, there were few signi®cant (P`0.01) relationships between these risk factors and WHR.
Given the above observations, it is noteworthy that along with the conventional risk factors, fasting insulin has also been proposed as a risk factor for coronary heart disease, independent of blood pressure and plasma lipoprotein concentrations. 27 In addition, there is evidence that hyper-apobetalipoproteinaemia constitutes a risk for atherosclerosis even in the face of normal lipoprotein concentrations in humans. 28 Intra-abdominal fat mass may be the source for hypertriglyceridaemia and adverse modi®cation of the ratio of hepatic lipasealipoprotein lipase activities, as a consequence directly or indirectly, of insulin resistance. These effects may promote increased production of small, dense LDL particles and reduction in HDL cholesterol. 29, 30 However, it is noteworthy that whereas there appears to be a`threshold' of waist circumference above which both triglyceride and small, dense LDL increase abruptly, the relationship between waist and HDL 2 appears more linear. From Table 2 , and consistent with previous literature, triglyceride is widely regarded as the dominant factor responsible for the production of small, dense LDL, accounting for 40±60% of the variability of this fraction in plasma. 10, 22 Furthermore, the relationship between triglyceride and small, dense LDL has been demonstrated previously to exhibit threshold behaviour; circulating concentrations of this particle increasing abruptly beyond a triglyceride concentration of around 1.5 mmolal for men. 22 In women, due to lower hepatic lipase activities, this threshold concentration may be higher. These observations therefore partly explain the similarity in the relationships of both triglyceride and small, dense LDL with waist circumference. Furthermore, the existence of a threshold waist circumference, above which atherogenic perurbations in LDLs predominantly manifest, adds support for the concept of utilising cut-off values in health promotion programmes, as previously discussed by Han et al. 6 The present study did not recruit random samples, but the distributions of age, anthropometric and biochemical data (Table 1a) are very similar to those found in the general population surveys, 23 thus patterns observed are likely to apply more widely. Terry et al 16 have shown that WHR and waist circumference have similar unadjusted correlations with lipoprotein subfractions in men, whilst the associations between these subfractions and BMI were slightly weaker. In another study of overweight men and women by the same group, 17 waist circumference and WHR were found to have similar unadjusted correlations with lipoprotein subfractions. Relationships between indices of adiposity (BMI, WHR and waist circumference) and cardiovascular risk factors were controlled for age and cigarette smoking in the present study. The effect of height on lipid measures was also examined, but was found to be minimal. The statistical signi®cance level at 99% was chosen because of multiple comparisons, thus signi®cant relationships presented herein are robust.
Post-heparin triglyceride lipases play an important role in the catabolism and remodelling of lipoproteins. Hepatic lipase activity has been shown to correlate with intra-abdominal fat independent from the effect of obesity in women. 31 We observed signi®cant correlations between hepatic lipase and waist circumference in women. These similarities may be explained by the close relationships between intra-abdominal fat and waist circumference. 2±4 Raised hepatic lipase is likely to be one mechanism for the decreased HDL and HDL 2 concentrations in women with increasing waist circumference, and may also be partly responsible for a more atherogenic LDL pattern. Hepatic lipase activity was found to correlate signi®cantly (P`0.01) with concentration of small, dense LDL (LDL-III) in women ( Table 2 ). The present study found similar negative associations of lipoprotein lipase activity with BMI and waist circumference, but not signi®cant at 99% level, lending some support to previous ®ndings of negative relationships between lipoprotein lipase activity and total body fat in women. 32 Although the direction of associations were similar to those in women, we could not demonstrate any signi®cant relationship between postheparin lipase activities and anthropometric indices in men. It may be that in men, hepatic lipase activity is governed principally by high androgen levels which override the effect of obesity.
Conclusions
The present study lends further support for the use of waist circumference as a screening tool for health risks directed at general public. 3,6,18,26,33±36 
